Copper-catalyzed enantioselective synthesis of trans-1-Alkyl-2-substituted cyclopropanes via tandem conjugate addition-intramolecular enolate trapping Den Hartog, T.; Rudolph, A.; Macia, B.; Minnaard, Adriaan; Feringa, B.L. Take-down policy If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately and investigate your claim.
S1

Supporting information for:
Copper-catalyzed enantioselective synthesis of trans 1-alkyl-2-substituted cyclopropanes via tandem conjugate addition-intramolecular enolate trapping
Tim den Hartog, , Alena Rudolph, Beatriz Maciá, Adriaan J. Minnaard,* and Ben L. Feringa* 1 The procedure described in ref 11 was followed. 40 mmol scale, omitting mol sieves, 75% yield, instead of column chromatography the product was recrystallized from Et2O:pentane 1:4.
(E)-4-chlorobut-2-enoic acid (4-chlorocrotonic acid), data in accordance with data described in ref 1. Formation of the methyl ester from 4-chlorocrotonic acid:
2 In a dried roundbottom two necked flask equipped with septum and stirring bar under a N2 atmosphere, the substrate (1.0 equiv.) and DMAP (0.1 equiv.) were dissolved in anhydrous CH2Cl2 (5.0 mL/mmol substrate). After 5 min stirring at room temperature the mixture was cooled to 0 °C and subsequently MeOH (1.2 equiv.) and DIC (1.05 equiv.) were added. After stirring for 4 h (0 °C to room temperature) the solution was filtered over celite. The filtrate was washed with pentane and then the organic extract were dried and concentrated to a yellow oil. Flash column chromatography (gradient 1:199 to 2:98 Et2O:pentane) yielded the product as a colorless oil.
(E)-methyl 4-chlorobut-2-enoate (6f); data in accordance with data described in ref 3.
[8.5 mmol scale, 51% yield (reduced yield presumably due to volatility), colorless oil]
General procedure for the formation of thioesters from ,-unsaturated carboxylic acids: In a dried roundbottom two necked flask equipped with septum and stirring bar under a N2 atmosphere, the substrate (1.0 equiv.) and DMAP (0.1 equiv.) were dissolved in anhydrous CH2Cl2 (1.5 mL/mmol substrate). After 5 min stirring at room temperature the mixture was cooled to 0 °C and subsequently EtSH (1 equiv.) and DCC (1.05 equiv.) in CH2Cl2 (0.5 mL/mmol substrate) 4 were added. After stirring for 4 h (0 °C to room temperature) the solution was filtered over celite. The filtrate was washed with pentane and then the organic extract were dried and concentrated to a yellow oil. Flash column chromatography (gradient 1:99 to 4:96 Et2O:pentane) yielded the product as a colorless oil with a slight impurity (5-10% of presumably trans Sethyl 2-(ethylthio)cyclopropanecarbothioate).
Further purification of (E)-S-ethyl 4-chlorobut-2-enethioate (6b): 5 In a roundbottom flask equipped with septum and stirring bar, the substrate (~90% product and ~10% side product) was dissolved in a mixture of H2O and MeCN (1:4 3.0 mL/mmol substrate). The mixture was cooled to 0 °C and OXONE ® (49% active O2, 0.1 equiv.) was added. After vigorous stirring for 20 min the reaction mixture was warmed to room temperature and vigorously stirred for another 40 min. Subsequently the reaction was quenched at 0 °C with brine (10 mL/mmol substrate) and
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the mixture was extracted with Et2O (3x 10 mL/mmol substrate), the combined organic extracts were dried and concentrated to a colorless oil. Flash column chromatography (gradient 1:199 to 2:98 Et2O:pentane) yielded the product as a colorless oil. Thioesterification of 4-bromocrotonic acid was performed according to the general procedure for the formation of thioesters from ,-unsaturated carboxylic acids using DCC (vide supra). (E)-S-ethyl 4-bromobut-2-enethioate (6a) data in accordance with data described in ref 7. Purified by flash chromatography (1:99 Et2O:pentane).
[21 mmol scale, 70% yield, colorless oil]
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General procedure for the formation of 1-chloro 2-en-4-ones:
In a dried Schlenk tube equipped with septum and stirring bar under a N2 atmosphere tBuOK (2.0 equiv.) was dissolved in anhydrous THF (1.5 mL/mmol substrate). The mixture was cooled to −78 °C and (E)-2-butenal diethyl acetal (1.0 equiv.) was added dropwise. The reaction mixture was cooled to −95 °C and nBuLi (1.6 m in hexanes, 2.0 equiv.) was added dropwise. After stirring for 2 h at room temperature the reaction mixture was treated with the iodoalkane (1 equiv.) and allowed to warm up to −40 °C slowly. Then the reaction was quenched with a mixture of water and THF (1:1, 2.0 mL/mmol substrate). The aqueous phase was extracted with Et2O (3x 3.0 mL/mmol substrate) and then the organic extracts were washed with brine (1x 3.0 mL/mmol substrate), dried and concentrated to a yellow oil. The product was used directly in the next step.
2. Electrophilic trapping of ethoxypentadeca-1,3-diene: In a dried roundbottom flask equipped with septum and stirring bar the substrate (1.0 equiv.) was dissolved in a mixture of water and THF (1: 1 4.0 mL/mmol substrate). The reaction mixture was cooled to 0 °C and NCS (1.05 equiv.) was added. After stirring for 16 h the reaction mixture was treated with an aq. 5% NaHCO3 solution (1x 4.0 mL/mmol substrate) and extracted with Et2O (3x 4.0 mL/mmol substrate). The organic extract were washed with brine (1x 4.0 mL/mmol substrate), dried and concentrated to a yellow oil. Flash column chromatography (gradient 1:99 to 2:98 Et2O:pentane) yielded the product. (E)-1-bromopentadec-2-en-4-one (6c): [The general procedure for the formation of 1-chloro 2-en-4-ones 8 was followed using iodoundecane, NCS was replaced by NBS, 3 h reaction time was used for the trapping, 5 mmol scale, 28 % yield (2 steps), slightly brown solid, mp: 40. General procedure for the Cu-catalyzed 1,4-addition of Grignard reagent to 4-chlorocrotonates leading to 4-chloro 3-substituted butenoates:
In a dried Schlenk tube equipped with septum and stirring bar under a N2 atmosphere, the premade 9 catalyst solution (CuI (1 mol%); (R)-TolBINAP (1.5 mol%); in anhydrous tBuOMe (8 mL/mmol substrate)) was cooled to −78 °C and the Grignard reagent (1-3 M solution in Et2O, 1.10 or 1.15 equiv.
10 ) was added. After stirring for 10 min, a solution of the substrate (1.0 equiv.) in anhydrous CH2Cl2 (additional 2.0 mL/mmol substrate) was added over 2 h with a syringe pump. The reaction mixture was stirred for 4 h (including addition time) at −78 °C. Subsequently the reaction mixture was quenched at −78 °C with EtOH (0,4 mL/mmol substrate), followed by a 1 M aq. NH4Cl-solution (2 mL/mmol substrate) and was allowed to warm to room temperature. Then a 1 M aq. NH4Cl-solution (additional 10 mL/mmol substrate) and Et2O (10 mL/mmol substrate) were added and the layers were separated. After extraction with Et2O (2x 10 mL/mmol substrate), the combined organic extracts were dried and carefully concentrated to a yellow oil. Flash column chromatography (1:99 Et2O:pentane) yielded the product as a colorless oil.
(S)-S-ethyl 3-(chloromethyl)nonanethioate (7b) General procedure for the tandem Cu-catalyzed 1,4-addition-intramolecular trapping reaction using Grignard reagents leading to trans 2-substituted cyclopropanecarbothioates: In a dried Schlenk tube equipped with septum and stirring bar under a N2 atmosphere, the premade catalyst solution (CuI (1 mol%); (R)-TolBINAP (1.5 mol%); in anhydrous tBuOMe (8 mL/mmol substrate)) was cooled to −78 °C and the Grignard reagent (1-3 M solution in Et2O, 1.10 or 1.15 equiv.) was added. After stirring for 10 min, a solution of the substrate (1.0 equiv.) in anhydrous CH2Cl2 (additional 2.0 mL/mmol substrate) was added in 2 h -2 h 15 min with a syringe pump. The reaction mixture was stirred for 4 h (including addition time) at −78 °C. Subsequently the reaction mixture was allowed to warm up to room temperature and stirred for an additional 2 h. Then the reaction mixture was treated with EtOH (0,4 mL/mmol substrate), followed by a 1 M aq. NH4Cl-solution (2 mL/mmol substrate). A 1 M aq. NH4Cl-solution (additional 10 mL/mmol substrate) and Et2O (10 mL/mmol substrate) were added and the layers were separated. After extraction with Et2O (2x 10 mL/mmol substrate), the combined organic extracts were dried and carefully concentrated to a yellow oil. Flash column chromatography (1:99 Et2O:pentane) yielded the product as a colorless oil.
The trans configuration of the cyclopropanes was established by comparison of the spectra for cis and trans 2-heptylcyclopropanecarbaldehyde and the spectrum of trans 2-heptylcyclopropanecarbaldehyde obtained using our route. 
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1-((1R,2R)-2-methylcyclopropyl)dodecan-1-one (8o):
[prepared via the general procedure for the tandem Cu-catalyzed 1,4-addition-intramolecular trapping reaction using Grignard reagents leading to trans 2-substituted cyclopropanecarbothioates, 1.0 mmol scale, 87% yield, 98% ee, colorless oil (turning into a white solid after storage at −20 °C, with mp around 20 °C)] 
1-((1R,2R)-2-phenethylcyclopropyl)dodecan-1-one (8e):
[prepared via the general procedure for the tandem Cu-catalyzed 1,4-addition-intramolecular trapping reaction using Grignard reagents leading to trans 2-substituted cyclopropanecarbothioates, 1.0 mmol scale, 75% yield, 96% ee, colorless oil (turning into a white solid after storage at −20 °C, with mp around 20 °C)] General procedure for the reduction of the thioester to an aldehyde: In a dried Schlenk tube equipped with septum and stirring bar under a N2 atmosphere the thioester (1.0 equiv.) was dissolved in anhydrous CH2Cl2 (2.5 mL/mmol substrate). After 5 min stirring at room temperature the mixture was cooled to −78 °C and DIBAL-H (1.2 equiv.) was added drop-wise. The reaction mixture was stirred for 3 h at −78 °C. Subsequently the reaction mixture was poured into a roundbottom flask with aq. Rochelle's salt-solution (saturated, 5 mL/mmol substrate), stirred for 1 h at rt and the layers were separated. After extraction with CH2Cl2 (2x 5 mL/mmol substrate), the combined organic extracts were washed with the aq. Rochelle's salt solution (2x 5 mL/mmol substrate), dried and carefully concentrated. Flash column chromatography (5:95 Et2O:pentane) yielded the pure product. 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200 f1 ( For the trans-cyclopropane a coupling of H(0.7 ppm) and H(1.7 ppm) is expected and a coupling of H(1.3 ppm) and H(1.5 ppm).
For the cis-cyclopropane a couplings of H(0.7 ppm), H(1.5 ppm) and H(1.7 ppm) are expected. Since the coupling of H(1.5 ppm) and H(1.7 ppm) is absent it is concluded that the cyclopropane is in the trans configuration. 
